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ABSTRACT 


This report discusses the design and development of a 
six degree of freedom fixed base simulation of the SH2F 
Melimeoprer using a hybrid computer interfacing with a 
computer graphics terminal. The purpose of the simulation 
was to investigate a scheme for alleviating a helicopter 
pilot's scan workload during transition to and from hover 


Cwieiis iSorumentl fying conditions. 
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Accelération of gravity, ft/sec* 


Moment of inertia about the X,Y,Z body axes 
respectively, slug fee 


PeOducusol Inerptas-— J xZam. slug ft° 


Applied moments about the X,Y,Z body axes 
respectively, ft-lbs 


Mass of the helicopter, slugs 


Piesularwrate Of helicopter along the X,%,2 
body axes respectively, radians/sec 


Heimcecpme ravewectiicc alOne the, 1. 4eaxco. 
ft/sec 


Velocities resolved through 6 and 6, ft/sec 


Inertial velocity of the helicopter alone 
the X,¥,Z axes of the inertial reference 
frame, ft/sec 


POSitaon Of the helicopver in the inertia 
mete rence siaame .ele 


baveral=and longitudinal eyclic pitch, 
radians 


Collective patch, radians 
Vallerovore collective pitch, radians 


Roll, pitch, yaw Euler angles respectively, 
radians 
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GenoOtime che Darvial derivabiaves 
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MCMeM Ge WLEM respect LO Dp. G.r.v. 
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(ive. stability derivatives). 
SWibseripy On A224." indicating a 
force or moment due to 
acrodynamics 





ACKNOWLEDGEMENTS 


The author wishes to express his appreciation to Mr. 
Robert Limes, Mr. Al Wong, Mr, William Thomas, and Mr. Walt 
Landaker, all of the Computer Science Laboratory staff, for 
their assistance in developing the simulation, and to 
Associate Professor D. M. Layton for his advice and guidance. 
The author especially wishes to thank his wife, Bobi, for 


her patience and understanding. 





LI, INTRODUCTION 


The advent of instrument flight in helicopters has been, 
of necessity, largely Sewell awed by the military. Generally 
speaking, the display of control information has been adapted 
from that required by fixed-wing aircraft. However, to take 
full advantage of the helicopter's unique flight capabili- 
mies the pilot must be able to control his aircraft with a 
great deal of precision at low altitudes and low velocities, 
depending solely on instrument display of the necessary 
information. Under these Porn ions conventional pressure 
sensing instruments are not able to provide information with 
sufficient accuracy. Technology has solved the problem of 
the acquisition of precision information with the development 
of the radar altimeter and Doppler radar systems for the 
Senoime of altitude and velocity information. Current 
practice is to display this information on additional instru- 
ments. Thus, the helicopter pilot is forced to adopt several 
very different Scan patterns of entirely different instru- 
ments depending on his flight regime. 

During cruising flight and on precision and non- 
Precision instrument approaches, conditions which are 
essentially the same whether in fixed- or rotating-wing 
Scorn mune mcOnvenulonal insvruments sutiice. However, 
durin=a the criteical transition from forward flight to hover, 
or vice versa, the pilot must transfer his attention to the 


adGgational Instruments. 





Much has been done to determine optimum displays for 
the approach problem since this can largely be adapted from 
fixed-wing experience. References 1 through 8 deal with 
this problem. There is a need for investigation of more 
Suitable means of presenting essential control information 
during the low speed regimes of transition and hover. 

If all of the pertinent information were presented at 
ere 1OCcCation, the pilot could be relieved of much of the 
problem O: Shitting his scan to a different set of instru- 
ments. The purpose of this project was to evaluate one form 
Spe uiismuype. Of display, | 

The evaluation was performed by developing firsy oe faxed 
base simulation, and then the proposed instrumentation 
scheme. The Simulation was developed using a hybrid computer, 
a graphics computer and a modified Link cockpit simulator. 
The hybrid is the XDS-9300 digital computer with the COMCOR 
CI5000 analog computer; this is interfaced with the AGT-10 
Praphics processor. The cockpit simulator is tied to the 
computer arrangement by trunklines to the analog computer 
ence =o velevieton camera and repeaver to the graphics 
Compucver. as shown in Figure 1. 

The simulation models the SH2F helicopter, which cur- 
rently is in use in the Navy's LAMPS program. Because of 
the author's experience in H-2 helicopters, it was advanta- 
gseous to conduct the study in this type. Kaman Aerospace 


Corporation furnished the necessary data for this 
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particular model. The simulation includes the automatic 
BvapiriZzavaon found in the SH2F, 

Experienced, instrument-rated helicopter pilots served 
as evaluation pilots. They were asked to compare the two 
instrument systems during a simulated instrument flying 
conditions mission. The pilots were asked to rate each 


system using the Cooper-Harper Rating System. 


tet 
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An over-water rescue mission under instrument flying 
conditions was considered in this study. It was felt that 
pnewaeproach. Lransit1on bo hover, and precision hovering 
tasks under night/instrument conditions are the most 
demanding of a helicopter pilot's skills. 

It was assumed that acquisition of the target had 
already occurred, either by visual sighting by a crewman 
Some OuUncr encase preblem was therelore started 
with the helicopter three miles downwind at an altitude of 
500 feet. The pilot then descended to an altitude of 
approximately 200 feet; upon reaching 3/4 mile, directions 
from a crewman were initiated to aid the pilot in transi- 
tioning to a hover over the target. After remaining over 
the target a sufficient length of time to retrieve a 
Survivor, the pilot was to depart straight ahead, climbing 


ouu to 500 feet. This concluded the problem. 
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Cele oLMULAL LON 


The simulation was accomplished using nonlinear equations 
of motion in six degrees of freedom. These equations were 
so0lvéed On Wie atatee conputeme COntrol] of the simulation 
system was accomplished through the digital computer; also, 
certain information required by the analog computer was 
processed digitally, ihen converted to the appropriate 
enealog voltecer 

The cockpit served as the source of control inputs and 
the receiving point for raroamat ion required by the pilot. 
Hardwired trunklines from the’ cockpit were patched directly 
into the analog computer. Each control device, i.e., cyclic 
Stick, collective stick and rudder pedals, was linked to a 
potentiometer which provided a signal to the analog computer. 
Appropriate values from the computer solutions were then fed 
back through the analog to drive the conventional cockpit 
instrumentation , 

When utilizing the Automatic Scan System, the appropriate 
Fiaehe intermagren was ted through the digital computer to 
the AGT-~10 and then by television camera and remote receiver 
to the cockpac. 

The cockpit right hand console contained five switches 
which paralleled function switches on the analog computer 
Pormeoulprol Gmeche Simulation. These are shown in Figure ée. 


Once the program had been loaded and the simulator power 
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Supplies turned on, placing the FLY switch in the UP 
position caused the analog to enter the compute mode and 
start the problem. To stop the problem, the STOP switch 
was momentarily Pee eee then the FLY switch was placed 
in the down position. At this point the operator could 
BelcetenenUN which reset the 1tnitial conditions or QUIT 
which terminated the program. The SCAN MODE switch could 
be positioned to activate the Automatic Scan System when 


desired. 


A. DEVELOPMENT OF EQUATIONS 


The nonlinear equations of motion are 


: Xp 
u= rv —- qw t+ eae sin 6 (1) 
: Z 
Zs A 
W = qu —- pv + eae at & cos cos @Q (2) 
a 
= (3) 
ie A 
vy 
; Yq 
v = pw - ru + —- + g sin ¢$ cos 6 (4) 
: I : L . 
yee XX 
: ile : N 
r= Xa p + —- (6) 
ZZ ZZ, 


Equation (1) is taken as an example to show the develop- 


ment of the simulation equations. The remaining simulation 
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equations were similarly determined. The terms in Equation 


(1) are straightforward except for X which represents the 


A? 
aerodynamic characteristics of the helicopter. According 
to Reference 8 it can be assumed, at least approximately, 
that no coupling exists between the longitudinal and 
lateral directional motions, due to a plane of symmetry for 
small perturbations from trimmed flight conditions. The 


aerodynamic force, X may then be written 


ee 
Xx, = X,(u,q,W,B 6) 


A Les 4c 


Therefore, 


oe X, Yop Srp?" pRB ic Penn) 

aX 

"3a “ppp >" pR>Pr¢, 98, ) U - UpR? 

it ana Coe, Geren Ws Oe cra =2)) 
ad Tea a ein 1emp” Crp PR 

2 ota iy Oe evita 6 Coie) 
W Pro he ewe Lemp” Cmp Th 

+ il ee dn Winn 9B O(a ee Be) 
Ea eine iemelicn samc eet 1a. 

ae {i Ci Wi ee co) (7) 
6, ie UR Sieg Lenn” Cmp Cc Crp 


Thus, the aerodynamic force has been expanded about a steady 


level flight trim condition whose velocity iS chac ©f che 
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HetreOplLer dtstmaue Ppartaicular instant. Therefore, 


dnp = 9 

Wop = Worle) 

B. = B Cu) 
lem; =} Op 

9 = § (u) 
CmR CmR 


Rewriting, 
Moe Pt OW = Cl). B (u) ,8 (Cu) ] 
A A TR 1enp Cp 


[u,0,Wap(u) Bao. 


(u),0, (a) J(q) 
a 


TER 


ae og EY MRS? 
re at "a JLB, , aa Pets oat ] 


OX 


A 
+ —— [u,0, Gules Guys Go alo = 6 (u) J 
08, = “nr e Lemp . Cmp C Cc Crp 2 


(8) 
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By dividing by the mass, the stability and control 


derivatives are obtained as functions of forward speed to 


give: 
a X. fu,0.w..(u),B (u),@  (u)] 
3 2 3 3 
m nm. A rR ler Cmp 


te eile Ore an au eee Guo mae (u) ](q) 
Q ei Lemp Cmp 


eee ee ig og 


1s Oe [u,0,Wpplu) ,B, | 


By. eda (u) JIB, - By, ees 


aK & 


Fe te On Wie CU) B Goa, (u) ]J[6 - 6 (u) J (9) 
GY ey lenp Crp c Cmp 
These derivatives were readily available from the air- 
frame manufacturer as functions of u. The first term of 
Equation (9) must be developed by taking its total derivative 


With respect to forward velocity to obtain: 





dX, 
aaa as hue Ow i), (u),0 Gina) = 
du Cr Lemp Crp 
"Af (u) (u) (u) 
= Lu,0O,w HW) 28 Wg We 
au ware ek ; lenp Crp 
ox dW (u) 
A we 
+ Ne [u,0,Waplu) By | (u),0, (u) | Ba 
TR TR Ae 
dB (a) 
OX, lemp 
ose Oo ooton oem. 4 a 
le Je TR 
TR 06 Gap) 
OX y CrpR 
CTR TR oR au 
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The lead term from equation (10), when divided by the mass, 


is seen to be 


Sd 
il 

lh 

QQ 

| se 

ro 


a 
= 


However, the remaining partial derivatives are not readily 
available. For the purpose of the Simulation it can be 
assumed that trim changes with forward velocity are slow 
and that products of the partials are small compared with 


Xye Now the first term in Equation (9) may be obtained by 


integration. 


1 
Eel is0 Wee U) eB Cie (u)] = 
ie A eee UE Lemp A Cmp 


U 
et Orwee( U )8 (u) ,8 (u)] du 
0 tee ak : 1enp Crp 


i 
+ i X_ (0,0,0,B,, (058, (071 (11) 


TR 


inemiache Vernet Eduautom (ll) as efeound by substituting into 


moOMab ton lj at the hover trim condition. Thus, 


—X, [0,0,0,B,, (0),@, (0)] = g sin @,_,(0) 


TR TR 


1Cinp 


Bp 60) is known and is a characteristic of the helicopter. 


Let 





In the integral term of Equation (11) Xy is known as 
a function of U as are the other stability derivatives. 


Now, by letting 
X,(u) =X (u) u 


XK 
= = X, (a) + X, (0) < Xfu)a 1F X (u)lw- wap Cu) J 


+ Xp, (u)[B,,-B 


Cae Cn) 1 8g =6 Cu) ] 
ie R gC cr 


Lem 


Hom tyne purpese Of this Simulation, a2 great Simplifica-= 
tion could be made by assuming that changes in many of 
these airspeed dependent derivatives have only minor effect 
on the aerodynamic characteristics [Refs. 1 and 11]; these 
Soimoesiclhier thelr hoversyalues, ~The timated number of 
Gigital to analog converters available necessitated this 
6 > and B were 


ere 
eR Cop 1Cmp 
Wemedmapetwnese hover values (Ret. Li]: 


EyotticariOn.  <Addationally. 
Now the X equation may be written as 


a - X, Cu) a X, (0) + X,(0)aq + X (0 )w “ fie eee 


+ X. (u)[6 -6 CO e8sin G6 + rv — qw (12) 
8 c e 
e TR 
Define 
AB = B - B (0) 
ie ive 1enp 
Ap 560, - 6 
C C Cmp (0) 
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So that 


u = X,(u) + Xy(0) + X,(O)a + H(O)w + XH,  (0)4B,, 


Bic 


+ Xy (u)A6, - g¢ sin 6 + rv - qw (13) 
C 
Similarly, the remaining equations are determined to be 


we Zy(a) + 2,(0) + Z,(0)a + Z(uwt 2, (w)dBy, (14) 


lire 


+ Zo (0) AG, ici — DV ter ecos Cos 0 Ci) 
Cc 


q = m, (u) + m,(0)q + m (O)w + a ae + re (15) 


Ze 
ll 


Y(0)v + ¥, (0)p + Y,(0)r + Y (O)AA,, + Y@p(0)A6, (16) 


oats 
; aur : 
ee ee et L,(0)p t L(0)r ee ety) via ls (O)AA, , =, (0)A6, 
ex lke R 
(17% 
e I o 
i) D + N,(0)p + N(u)r + N(u)y + Ny (O)AA,. + Ng ee 


7,2, le 


(18) 


The airspeed dependent derivatives are tabulated and then 
read into the digital computer for use by the analog as 
necessary. 

The stability derivatives furnished by the Kaman Aero- 
space Corporation in Ref. 9 were calculated with respect to 


a body~fixed axes system. This system was used in the 


el | 





simulation and is shown in Figure 3. The derivatives had 


Deenecatewlavcad tor an adilverait in the following configuration: 


Gross weight ee mel 
Center of gravity at fuselage Teed 
station 

Main rotor tip speed 691 ft/sec 


sea level standard atmospheric conditions 


After normalizing with respect to mass or the appropriate 
moment of inertia, most of the derivatives were ina éongene 
MCh roOriilhemmme |meonoatible watch the equations Of movron 
derived here. Since H-2 type helicopters use Be cennoe eles 
SySsuem vO control cycle and collective main rotor blade 
Clcch ene Malmerotoreeconturol derivatives Were furnished in 
terms of the servo-flap deflection instead of the rotor 
blade pitch angle. These derivatives were also presented in 
a format so that they could be interpreted as control sensi- 
Milo OmmCOnurOlMOower am cerms Of Lhe pilot's control 
aasplacements.eeime Tlexibilicy of the simulator cockpit 
enabled modification at the control system potentiometers 
to compensate for this difference. In Table I the stability 
Gerivatives as used in this simulation are listed; the barred 
HOt Lon memses Xp ) indicates the modified control 


re 
derivatives. 
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30 
62328 
—9.2718 
-.5092 
-1l2 2229 
-.0261 
-. 7410 
0202 
22.88 
Boe oe 


TABLE I 


SH2F STABILITY DERIVATIVES AS 
USED IN SIMULATION 


50 
-1.5014 
—5.8539 

—. 5843 
-12 3438 
-+,0298 
~.8881 
022 
21.96 
64.7892 


fee 
~—3,8143 
.6023 
-.6368 
~12.5480 
-.0352 
alee 
O2f2 
19.942 
97.4090 


DERIVATIVES HELD CONSTANT: 


- KTS 0 
DERIV. 
X, (u) 0 
Z,(u) 0 
Za -,4ou5 
Ty ~12.1694 
le 
L., -.0215 
Np ~ 5871 
ey ~O1L72 
“6 25.06 
Z 45674 
Sil 
X, (0) 2.8064 
Xy . 8689 
ee O49] 
Xp 40.129 
Ee 
bq nSeeO 
Z, ~208 2465 
C 
mM, = 7053 
m,, -.0002 
ey ~,0338 
a 1.1390 


91 
-6,8470 
6.5540 
-.6682 
-~12.8240 
-. 0409 
~1.2692 
Oe 
ee 


ISB elsyerl 


el 


.9627 
42.6278 


18.1623 
-2. 427 
4082 
36.5078 
7.0753 
-.0072 
iheior 
-11.8578 


112 
-10.6184 
18.7617 
-.6875 
-13.0365 
-. 0464 
—1.4471 
" 0352 
17.617 
164.4026 


se 
sali . 095 
34.3457 
-.6928 
-12.1535 
-.0519 
-1.6220 
0399 
20.454 
197 . 3886 





B. ANALOG COMPUTER PROGRAM 

The CI5000 analog computer served to solve the heli- 
copter's equations of motion and as an interface for signals 
to and from the cockpit and the digital computer. Addi- 
tionally it provided appropriate signals to the cockpit 
instruments. The analog computer was interfaced with the 
Simulator cockpit by 20 trunklines; the use of each is given 
in Table BI. 

Implementation of the helicopter's stability augmentation 
system was performed on the analog computer. 

Control variables for the equations of motion- were 
transmitted directly to the analog from tapped potentiometers 
in the cockpit. These included potentiometers for longi- 
Didainaleantd taperal cyclic “eontrol stiek deflections, pedal 
deflections, and collective stick movements. 

Values for airspeed dependent derivatives and functions 
of Euler angles were obtained from the digital computer for 


use in the programmed equations of motion. 


Gee DIG ETAL COME UTER. PROGRAM 

The digital computer program served to set up the simu- 
lator for each run, to determine the correct values for the 
airspeed dependent derivatives and compute the Euler angles, 
PomGevermine trertial Velocities and position, and to reduce 
the data generated by each run. Additionally, the digital 
program furnished information to two non-linear cockpit 


instruments: the airspeed indicator and the radar altimeter. 
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Setting up the simulator included reading tables of 
aerodynamic derivatives and setting the analog potentiometers 
to the prescribed values. The initial conditions then were 
Sou ne propranm Was Structured SO that alter setting the 
initial conditions it would go through the dynamic 1o00op once 
Mor cchNGNe GeCrivapaves and angular funetions properly, then 
wematn an an adie loop until the FLY Switch was activated in 
Une —coeckp1L. The initial conditions are listed in Table Il. 

In the simulation the digital computer received airspeed 
information from the analog and used a table lookup routine 
with linear interpolation to determine proper derivative 
Wes ee Lieseuvallcs Were Then Seno vOuvhne sanaloe as 
voltages through digital to analog converters. Computation 
of the Euler angles was performed using body angular rates 
obtained through analog to digital converters. Reference 10 


provided the following equations. 


f=-Nd. cos ¢-—-/ sin ¢ 








nee sin ¢ . cos 6 
¥ a cos @ = cos 6 
6=p tw sin 6 


integration of these rates was then performed on the analog. 
foe funietsaoens available in the digital computer also 
made it convenient to determine inertial velocities in that 


portion of the hybrid. The following equations were used 
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INITIAL CONDITIONS 
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POmresolve tne Dody—-lixed velocities through 9 and ¢. 


ae —eCOcme ot Vesti Gg cos 8 + W COS $ Sin 6 
a =v cos ¢- W sin 

Due ; 
Ne Sees Ue wey ol eg Cos. CO) tow cos o cos 8 
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The following equations resolved the above velocities through 


yy to give the inertial velocities. 


ee ae Le eu 
Ms ue cos Ww Vy Simo W 


tc 


—- yP pt 
V ve Sin Ww + Vy cos WwW 


Syl! 
ee 


The Ne and Vy equations were integrated digitally to 
peOvLde snertial position iniormation. The ve equation was 
integrated on the analog to provide height information for 
mae o-Ltimeters. 

Generation of the data necessary for the graphics 
computer presentation was also done in the digital computer. 
This consisted of three major sections. For the conventional 
Hioveumenuebilenesystem, Use Ol 2 Girection velocity indicator 
was required. This instrument was implemented by portraying 
30 On the graphics computer then relaying it to the cockpit 
melvevletOMmerepeacere  Lnis required two sections of data, 


GSaevieor tne “fixed picture of the instrument outline and 
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velocity graduations, the other to generate the "moving" 
indicators. As depicted, the graphics picture closely 
wecoemolegurnesactval @nsStrument aS ShoWn in Reference 11. 
The third section of data for the graphics computer was that 
necessary to create the Automatic Scan System display. For 
both systems the display of text to simulate directions from 
a crewman was controlled digitally. 

The digital program also furnished control of the 


coordinated turn system. 


Ba, COCKPIT 

The cockpit used fas baeneoaney the Link Ryans, ine. 
Type C-Il instrument trainer with modifications as reported 
mienererence 22, To Mekewine teocipit suitable for helicopter 
Simulation, it was necessary to perform further modifications. 

The conventional throttle was deactivated, and a collec- 
tive control stick added to the left console adjacent to the 
pilot's seat. This control stick was constructed from a 
Spare throttle assembly rotated approximately ninety degrees 
So that the conventional fore and aft motion becomes up and 
Goines cIe Shorty Length of Une Stickj@das compared to those 
in use in actual helicopters, resulted in much more notice- 
able curvature of the stick's motion when moved to full 
Geflection. However, during a normal evaluation the flight 
collective stick movements were small enough to prevent this 
Peon Oeimde Sienaticant to the pilot. The collective stick 


is depicted in Figure 4. 
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Conventional instruments necessary for this mission 
were airspeed indicator, remote attitude indicator, radar 
altimeter, altimeter, compass, needle/ball, vertical speed 
indicator, and directional velocity indicator (DVI). The 
instruments were arranged @s shown in Figure 5. This closely 
represented the instrument layout used in H-2 type heli- 
copters; differences were due to the physical limitations of 
the instrument panel and the types of instruments available 
for use in the simulator. Figure 6 shows the flight instru- 
ment arrangement of a typical H-2 helicopter. 

Since there was no suitable indicator available, one 
instrument, the DVI, was depicted graphically on the AGT-10 
and relayed to the television repeater in the cockpit. This 
instrument was used to present velocity information during 
cransterem and hover, A horizontal cross pointer indicated 
forward velocity while sideward velocities were indicated 
by a vertical cross pointer; vertical velocity was indicated 
by a pointer on the left side of the indicator. The instru- 
ment was configured so that when the helicopter was in a 
hover with no velocity, the cross pointers were centered. 
The DVI is shown for various conditions in Figures 7 and 8. 
The lixedmporgionsof the anstrumeme, including the outline 
and the indicator graduations, was generated by the main 
program as the initidaleeonditions were set. The moving 
presentation, including vertical speed indication and vertical 
Bnd Horr zongal Cross» polncers. was then superimposed on the 


a eOepeeriure. these indicators were then updated in a 
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SIMULATOR INSTRUMENT PANEL ARRANGEMENT 


PIGURE 5. 
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TYPICAL H-2 INSTRUMENT PANEL 


FIGURE 6 


3 








DIRECTION VELOCITY INDICATOR IN 
CRUISE CONDITION 


FIGURE 7 
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DLRECTION VELOCITY INDICATOR 
AND CREW DIRECTIONS 


FIGURE 8 
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Subroutine each time the Gigital program went through its 
dynamic loop. 

When flying a mission of this nature a helicopter pilot 
is usually assisted through voice communications by a crewman 
for precise position and velocity control during the final 
Stages of the approach and in a hover. To simulate these 
directions, standardized phrases were portrayed on the 
graphics terminal for relay to the cockpit repeater. Intro- 
Guction of the phrases was keyed to the helicopter's dis- 
tance from the target; the first directions given when the 
helicopter came within approximately three-quarters of a 
mile. A listing of the phrases is given in Table III; their 
display is depicted in Figure 8. 

Of the remaining instruments, the airspeed indicator, 
the radar altimeter, and the vertical speed anteater were 
DC meter movements driven through the trunklines from the 
analog computer. The airspeed indicator and radar altimeter 
had nonlinear presentations to the pilot; this necessitated 
HOogic ian the digital program for control of these instruments. 

The information presented by the airspeed indicator 
was derived from u, the forward velocity component in the 
body~fixed axis system. The radar altimeter showed the 
distance to the surface for altitudes below 200 feet. 

The altimeter and gyro bank and pitch systems were 
configured as reported in Ref. 12. The needle-ball remained 


as configured in Ref. 13. The compass system (RMI) was not 
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TABLE III 


CREW DIRECTIONS 


STEADY FORWARD XE < 3/4 MILE 
EASY FORWARD Sane SO OenNIe: 
STOP EASY FORWARD,STEADY HOVER XE < 100 FT. 
EASY BACK XE < -50 FT. 
STOP EASY BACK, STEADY HOVER XE < -40 FT, 
EASY RIGHT | Vi OO ene 
STOP EASY RIGHT, STEADY HOVER YE << E/N Pian 
EASY LEFT | YE > 100 FT. 
STOP EASY LEFT, EASY HOVER ie) 4 Ome. 
STEADY HOVER -~l0 < XE < 40 
-40 < YE < 4o 
MAN ON HOIST HOVER TIME > 30 SEC. 
MAN IN AIRCRAFT HOVER TIME > 45 SEC. 
COME UP YOU ARE LOW Ze) HI. 


a 





activated due to difficulty in obtaining repeatable readings 
for a given input with the available instrument. 

As in H-2 type helicopters, the thumb button on the left 
Side of the cyclic control stick was used for control of the 
coordinated turn system. Depressing this button allowed the 
helicopter to turn in balanced flight without the requirement 
for rudder pedal inputs. Normal turns using the rudder 
pedals were also possible. When neither the coordinated turn 
button was depressed nor the rudder pedals deflected, 
sufficient feedback was incorporated to insure that heading 
was maintained: the "heading hold" feature of H-2 type 
helicopters. When either type of turn was indicated, the 
heading hold was released, allowing the helicopter to turn. 
Control of this system was accomplished through the digital 


program and the logic board of the CI 5000. 
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IV. AUTOMATIC SCAN SYSTEM 


The Automatic Scan System oe designed to replace the 
conventional instrument display. When using this system, 
all necessary information for instrument flight was presented 
on the television repeater in the cockpit except the needle/ 
Dall; [GueUhsoetacueimenhuNonly., the pilot could refer to his 
normal instrumentation. 

Flight control information was presented sequentially on 
the repeater; first an attitude display was depicted, then 
airspeed, and finally altitude, before the sequence was 
initiated again. The attitude ‘display resembled a conven- 
weOnal attitude indicator with artificial horizon, miniature 
airplane and angle of bank indicator. Depiction BEA Pape 
information was done digitally to show the helicopter's 
airspeed, with indices and a moving pointer to show the 
direction and rate of change. Altitude information was 
presented similarly with a digital readout for height above 
the surface and a scale pointer to show vertical speed. 
Heading was also provided digitally with an arrow pointing 
to the appropriate direction ine turns. The attitude and 
airspeed presentations are shown in Figure 9. In the photo- 
graphs the heading readout is shown just above the turn 
arrow. The altitude display is shown in Figure 10(a). 

If the helicopter airspeed was less than 35 knots, then 
a display similar to the DVI of the conventional system 


appeared in place of the airspeed presentation. This DVI 
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(a) ATTITUDE INDICATION 





(b) AIRSPEED INDICATION 


FIGURE 9 
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(a) ALTITUDE INDICATION 





(b) DIRECTION VELOCITY INDICATION 


PanG URE dO 
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Gisplay incorporated a vertical speed indicator identical 
to that of the altitude display, which followed the DVI in 
the sequence. Thus, the pilot was presented with critical 
altitude rate information for twice as long when he needed 
it most. The DVI is shown in a near hover flight condition 
in Figure 10(b). 

Each of these presentations was depicted for two seconds, 
A pilot could assimilate the information at a faster rate, 
but initiating a corrective control movement proved to be 
agifficult. A longer interval proved detrimental to adequate 
control because of excessive time between presentations of a 
given display. With an interval of two seconds, a pilot 
waited four seconds before he saw the same display again. 
in transition and hover, however, the DVI increased the 
Vioteimrey Ol alvticuee Intormatvion to four seconds, so that 
the pilot was without this essential display for only two 


seconds, 
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V. EVALUATION 


Five experienced Navy helicopter pilots were utilized 
to evaluate the simulator and the Automatic Scan System. 

One pilot, subject E, was a graduate of Navy Test Pilot 
School. Each subject was given sufficient time to acquaint 
himself with the simulator and gain some proficiency using 
the conventional instrumentation system. Stripchart 
recordings were then made of U, V, VZ and ZE during transi- 
tion and hover over the target. At this time, each pilot 
MismecweGumOwsUDJeCcbively rave the Simuidator'’s characteristics 
using the Cooper-Harper Scale shown in Figure 11. As well as 
providing rating of the basic simulator, this furnished each 
pilot with a baseline with which to evaluate the Automatic 
scan system. 

Baen oil oe was then introduced to the Automatic Scan 
System and allowed to practice using it until he felt 
comfortable with it. Recordings were again made during the 
transition and hover phases of the mission. Upon completion, 
the pilot was asked to rate the Automatic Sean system. 

Table IV lists the experience level of each pilot and 
shows his rating of the basic simulator and the Automatic 
Scan System. 

As seen in Table IV, the Cooper-Harper ratings given to 
the basic simulator generally show its characteristics to be 
satisfactory. In comments elicited from the pilots, the 


Ma O@weonplainus COncerned the Tack of proper cyclic control 
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TOTAL 
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3800 
1450 
1200 
1200 


4000 


TABLE IV 


PILOT EXPERIENCE AND RATINGS 


INSTRUMENT 


TIME 


600 
300 
300 
125 


900 


BASIC 
SIMULATOR 


Ww Ww 


AUTOMATIC 
SYSTEM 


ac <ONe Wea iia 


UI 


* Graduate Navy Test Pilot School 


+ Special instrument card 
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CoM otmuceieanc the Ansensitivity of the cyclic trim 

SS ecciwepiiese Were propervies of the Link cockpit and could 
not be altered without reducing the flexibility of the 
equipment for other projects. 

Ravings f£iven by the project pilots to the Automat i 
Scan System were somewhat less than satisfactory. In all 
cases it was felt that improvement was necessary. The 
subjects felt that the information displayed was not avail- 
able long enough to take adequate corrective action, and 
there was not enough time after perceiving an error to see 
the results of the correction. Additionally, they felt 
that the time until the same display appeared again (i.e., 4 
seconds) was excessive. These deficiencies were due to the 
Patou nou being able to view Selectively a particular display 
when he felt he needed it; instead he had to wait until the 


Gesired information was available again. 
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VI. CONCLUSIONS 


As a@ result of the evaluation of the simulator and the 
Automatic Scan System, the following conclusions were 
meachned : 

(1) The basic simulator adequately represents the 
SH2F helicopter and therefore can be used in 
funehner rescarchetnvolving this type. 

(2) The Automatic Scan System as configured here, 
appearing in a fixed sequence, is not capable 
of supplying adequate flight eonurol see rna eon 
GO. une pi loc: 

(3) The pilot needs to be able to select for himself 
that information which he deems necessary. This 
warrants the further investigation of integrated 
displays to alleviate the pilots scan problem 
during transition to and from hover. 

A@OG@ALilOnaliy tne flexabatapy inherent in the hybrid 
computer-based simulator allows it to be readily adapted 
wortnnumerable further projects. Obviously, more research 
in integrated displays could be done. Also a three-dimen- 
sional perspective could be generated in the graphics 
computer to allow a representation of what the pilot sees 
Gre the Wandshacild. Vaas would be useful, for instance, 
iMmevelvaling wicht landime alds for employment aboard 


ships carrying LAMPS helicopters.’ 
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the Digital Program 


A listing of the Fortran computer program is contained 
within this appendix. It includes the main program, the 
FLY subroutine, which forms the dynamic loop, and three 


subroutines. 
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APPENDIX B 


The Analog Program 


This appendix contains schematics illustrating the 


analog program. The six equations of motion, instrument 


inputs, and program control are incorporated in the 


schematics. 
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APPENDIX C 


Evaluation Flight Traces 


iiacowappendtx contains Stripchart recordings of UsV5V_5 
and a for each evaluation pilot and both scan systems. The 
recordings were made during the transition and hover portions 


of the flights. The chart speed was .5 mm/sec. 


92 





| 


| 


JT 


HE 


| 


NESS 





Hi 
| 


| 


J 
Sed 
A LMT li 
TAT 
HOI sc 
LTS TATA 
LUTTE TE 


| 
ETAT 
0 PE 


AA 
i 


MU 
EN 








= Se 
== = = SS SS SS 
SS SS SS 
SS 
Se 
ee 
= = = SS SS eS SS 
2 = == = = 
SS =] | SSS Se a eat tee pe at 
tel ed ge 
=== === = = = = SS SS SS SS SS eS SS SS Se 
See == 
2S SSS Sa = a = Ss 
= SS = a SS SAE See 
So NS e  S  S  aaSe 
== (===) = === = Se = ae a= 
SSS == 2S === = ES aS aS = === 
Pea = = = = = = = = SS SS = 
=— === —_ == SS SS 


rm 





eats 


— 


ty ta ‘ ' 
ras i 1! 
Mt ' ib 
' : 5 en: 


5 
= 
ae 
ats 
ia 
= 


— iil 
HALE 

ee Tn 
: bedtpy 

uP PTA 


| ak sie li 
mr tI | 
I a 
1h lj 
| I i : 
a : | ily 
| 
‘ 


Baie 

Ht 
Seid y 
ull 








VII 


{ bay \j 
rit || 
a i el 

)t] | 

jt] If 








a lll 

PEAY EPI Ta] | 
a 
Oa 


11 : | [iy } 
\ ry ili. WHI 
HHT] 


PILOT A, NORMAL 














= = = = SSS SS SS SS SS SS = Se SS SS Saas 
== = == = = SS = Se = = = = aS aa ae 
Seo a ea Sas eae ee 
SS = SS SS 
SSS SEE SSS SSE er SEE 
SSS = = = = == = SSS Se SS Seaee 
SS = = SS = = = SS = ESE =| 
= == === = = = = = = =e 
= SS = = = = = = = = = 
= = SS = SS Se 
=== === ==ee SSS 
Set === = aS 
ee SSS at iat 
== Se Sea eee 
== = a ae SSS 
== === SSS SS SS SS 
pees =a Sea 
= === == == = = == = = == = 
=SS SS SSS SS SS ea 
Se SS SSS Sa = = SS = a = 
SSS SSS SS SS SSS. 
227 Seas = = hae = ae = SS: 
Sea Naa. Ae ea ees 
2 SSeS Sn lS SSeS SSeS a= SS == 
== == === === SS SSS = == == === 
PECL GEESE SE Er RE SPS a 
Ss sSe aS = ———— | = == 
=== = = = 


‘ny a 1| 
CCA 
HT TTT 
Pee VEU | 


j E 
| ‘ 
} } 
een |, | j l 





PILOT A, AUTOMATIC 


gh | | 





Hl 


Ie MIST PELL 


| 


AT: 
TL 
CI 
ATA 


bY 
H 


Lb 
Fil 

(i 

li 


=, ae 
aaa 








\ 
nO 
it 

( 





HST WE 
RMN 


Me TIS AAT) 
TE 


= 
== 
[= = 1 

===] =] = SS SS SS SS SS ES ===> 
a SS SS St 
= == === = = SS SS ES SS Se Ee SS = 
SS SS SS ee ee ee 
Ff SS SSS SS 





a) ——— —j—— = anaes Saeed eet es a] 
= ——= =S= = |S === SSS = 
———}— a a ll ae === Se — 
= SS SS SS 2 Se 
= SSS = ES = SS ES EE ES SS SS ES SS == 
ee a — — Se a —-_= 

SS SS SS SS SS SS SS SS SS SS SS SS SS SS SS SS SES SSS SS SSS ES 

ee a — = ee ae — er 

i Se eS = SS SS eee 

SS a ee —— SS 

2 = 
= SS SE EE SS ES EE EE ESS 

——— 2 — 

——— SS SS = == SJ 

SS SS 

SS red st Ne SS Se rer 


LE 
CL 


== === 

===== =a =e 
SSS =. SS 

== eee 
Se er A SS 
= = = SS SS Se {SSS ———- 
=e et SS SS SS SS SS SS SS SE EE 


Ant 
il 


| 


PoE TEA 


| 


r 


pil 


|! 
j 


| 


r 
ip arly 
}? ee 
aii ti, ye 
| i¢ ET) 
: i} 


) ty : j! |, [i {| 
ei he gueL TA 


‘ 
cane Bee = 
- ~~ - 5 





PILOT B, NORMAL 


oD 





ME 

AL 

WNL 

LA 
EAC 


Il 


ATE 


, 


cn 
HA LA aT 


| 
| 
| 


eo il 
PAT Hil 





1 
au f 
AF 
if 


| 


TT 


i 
| | 


I 
ONT 


LAE 


TC 
TE ANI ANT 


aap 


Prob aah 


UA 


Sree 


LA 
TE AC 
TC AN 
LL 
i 
il 
In 
MN 
I 
a 


On 

ih 
0 8 
HN 

rm 

at 

7 

HA 

rm 

ci 

mn 








ge ESSE FEE Sea eee SS 
—= = SS SS ESS <— = = SS SS = = = _——_—— 
= = SS SS = EE eS eS SS ES SS ee SS SS SS SS SS 
=: a 7 mea fe = a 2 SSS 
= ao i SSS _—— a ee 
= SS SSS SSj_SS=SS SS SSS SS SS SS ee SS SS 
——— —— == 
ee 
—— pt pf tS 
—_ = eee feet [rcpeene seri roe t| ——— 
== = = = SS ee eS eS = 
= SSS = == = _=—— ee = =| ee 
Se eS eS SS SS = SS SS SS aS 


LL 
CNA 
aN 

yO 


J 


il 


| 


HN 
Att 
LAAT 


STA 
SNA 
nA 


cK 


£ 


eee === 
| Poa areas 


ciao 
rath ST 





pe ui 
th i 


ma 


PILOT B, AUTOMATIC 


96 












= = 
SS SS SS 

a ee 
=== = SS SS |S eS SS ee eS SS SS ES 
=f NaS SET SS Pa ES pa RL AIR 

===] =e SS eee = oa 

ae ==] =] = SSS SS ee 
= SS SS SS = 
= SSS SSS 
SS ee PSS SS St 


= ee ee 
SS 
= SS SS SS S| SS SS SS SS SS SS SS SS SS 
== = = SS = = SS SS SS SS SS SS SS 
2S = SS SS SS SSS SS SSS Se 
= SS SS SS 
SS = = = SS SS eS 
oA) ee ee ee Se 
ee SS SS SS SS 
=| tes Fete ft SS SS Sf St = SS Sf Ss SEE ES 


TT) 





See = 
ee eS Se Se 
SS ee a SS SiS pt 


HUE DATA 
LOUTH 
NI 
fil 

nae 
TRE 
nt 
| 
Hl 
in 
i 
| 
HH 
lit 
HI 
qi 


ti 
U 





I 
HL 
PURI 
aul 

I 
UNE 
AT 
iE 
i 
HUE 
IAL 
HN 
Ae 
HA 
Mn 
th 
tit! 
I 
AI 
{A 
HE 
WA 
MMI 
i 
il 
ih 
il 


= 


pl 


| 


4 











—t rt. 





PILOT eC aon Mive 


oT | 











== = SS SS SS SS SE == 
= eS = 
= ee eee Sf | 
SSS SS ee ee 
Shea = 
Sale = == =| = = 
SS ee ee ee eS SS 
SF a a SS SS SS = 
= —— = ee a —— 

=a = SS SS 
SS SE Et Se a SS 


a a ee 
ee 
=== == SS = = 

SS ee eS eS eS 
= SS = = SS eS SS SS SS eS ES eS SS SS Se 
SS. 

SS SESE ESE SS Ear yee 
= Sa i SS SS SS == = ESS SS SS SS SE SSS 

aS = SS SS SS SS SS SS SS Se ee ee 

[aa SS = = SS SS SS SS SS SS 
= = = SS = SS SS SS SS SS SS SS SS SS SS St 
SE fA = = = = Se S| 
== Sf SS SS SSS ee eS 
SEN 2s eee SSS 
== (= ft = | = 2 = === 
= SS Sea SS SS SE SES 
=== === = == = == = = = 
= === Ee SS = SS SS = SS SS SS SS SS SS eS 






fee 
HEEL EE EEEEEES REE 


ECP 


pel } 
a WA ioe 
' j { ,! 
i itl, if 
, | t 
‘ Hy! ge 
' ‘ RTs 












PILOT C, AUTOMATIC 


98 











= SS SS SS = Sa EE ee 
= SS = = = 
2 Sa eS 
== == =a Se ae 
aS SS SS SS SSS =] | SSE eee 
=| SSS SS SSS 

54 IS SSS SS SSeS 
SS SS SS Sa | 

oe 
=f Sf SS SS SS SS = 


LE SA 
LZ TY 
LAE SUE TIOTTEL 


Oe 








th 
SAAN 


i 


WATT 


' 


HANA 


{ ' 
TATA | | 


HN 


BUTTE TA 


| 
LANTATE RDU TE 


! 





== = = = SS SS aS 
= = SS SS SS SS ESS 
= = SS SS SSE 
== = SS SS SS SS SS SS 
= 
== = = SS SS 
Se = SS SS SSS SS ae 
== Va SS SSS SS SS == SS 
SSS === === === = SS 
= SSS 
pf a SS SS Sa 
== =- SS SSS == SS == =a == 
_ | = S25 Sea ssa=— =S=S===5 
Spo (a == 
SNAG SS 
SS SS 
Se = 
= SS SS 
Stee Sg SS a SS = SESE 


- 
2 


WAHT! 
} ' 


li | 
E Haat 
IHL aTt 


By ’ 
; ; 
, | 
i 


PILOT D, NORMAL 


ao 


CTC ea nT 
CALE ep a 


| 
| 


| 


tt 
tt 
— —- 
LUTE 
F LPT | 
‘a 
7 Panis | ‘yy 
PP Ae (it 
| ! | 
' } t | 
bts . | 
; ' ;T Ta 
Pht iy) | 


| 








== ESE SSS == EEE EEE EE EEE 
SEE. ESS Se Sa SS SEE SS ee 
SEES NSE SSS SSS See Eee re 
Se SESS SS SS eb Se ae a 
SSE == == EEN S AZ ON eee EE 
SS = === SEER ES SaNeP EE eee eee 

== = = 

=== SS = SS See See 
=== = SSS == SE SSE Ee 
== EMS SSE SSS SSS a= 








===] 5 SSE EE EEE SE EEE SESE 
Sia Ser Sei Ee SS 
SES SSE SSS EES SSS SS SSS SEE SS 
= SS SS eS SS 
SESE EEE SSS SS Se Se SS 
Spa eee ee See EE 
SS] SSS == SSS SSS SSP SS 
aS SSS SSS SSS SSS Se 
SS 
Spies LS SS eS = 
=== === SSS] SS = SSS SS SSS SS 
poco ee 
=== = SSS === = A === = = = 
Se LAA eae 
— NZ = e = 
=== =e == === === 
ee 
Sipe == SES SS == === 


An iI] 
' } t 
TTT 
| | ed 
rad at | Sa Cetec Re : 
ne eh 
' tt {|i Ba EA 
ra i, 


» - 





PILOT D, AUTOMATIC 


100 


















AT 





CSE 





TTT 




















LOO A A A (il 

TT TN ETT TT cone etn ere 
pppoe fafa AEA Cee atc TA fie 
CETTE eT ETRE Tei TT 
Ee TT TTT TC = oT 





ARENT TTA) eT CEA SPS TT 
















EEO SET mitt tp tote PRICE Th 

acti) Geter Geeeeetied Po 
2 Hien TED 

CC SS nce TART i 


A 


OTT ee 


apne a 
ca 


ACA ea he 
ple 






PILOT E, NORMAL 
101 















































eee eee eee i ee ee ee 
=== 5=S==SSS= == = = = SS 
= SS 4 = |S SSS 
SS = SSS ff == = SSS SS SS ae 
SS SS aS Se ee Se eae 
=== Se Se et 
= = = = SS SS = SS SS SSS SS SS SSS SEs 
= 64 |= ES == Sa S= SSS Ser 
SSS SS SS eee 
= veils Jicie=t — 1 ft = = SS SS SS EE Se 
= ee ee ee = SS SS Se 
SS ee = SS = Sa See 
eee BSE EEE 
Boose Sees gasses ae, 

= — — = == —= | S= = 
2S SS == SSS SSS Ss = = == 
2a = SSS SS SSS Se ees 
== = SS = SS SS ee 
Sat SS SS = SS SS SS Se 
=== == |S = Sa SS EE a 
a === == SS a = Sas 
a Se 
= = SS = SS SS SS — === = Se 
== =a aes a eS = i t= 
thai ya = SS SS EN SM ESSN 
SSSA Aa a= BESS SSS SSS See SSSer 
ee ee 
=== — |S) ei a 
=a SS SS SS SS SS SS SS SE SE EE Ee 














PELEOT E.) AUTOMADIC 


102 , 





ON 


Ls 


2s 


LIST OF REFERENCES 


JANAIR Report 690718, A Systems Analysis of Manual 


Control Techniques and Display Arrangements for Instru- 
ment Landing Approaches in Helicopters, Volume I: 
Speed and Height Regulation, by W.F. Clement and L.S. 


ofmann, July 1909. 


NASA Technical Note D-5913, Fixed-base Simulation of Various 


Low-Visibility Landing Systems for Helicopters, by P.S. 
Pemenew hee. soeevensod, Foose nhoazlolodr., March 1971. 


NASA Contractor Report 1535, The Measurement and Analysis 


‘Of Pilot Scanning and Control Behavior during Simulated 


instrument Approaches, D.H. Weir and R.H. Klein, June 
emo | 


NASA Technical Note D-3677, Evaluation of a Cross- 
pointer-type Instrument Display in Landing Approaches 
Veuve Ie llComcer Wa arecey, KR.W, woOMmmer, and D.f. 
Tibbs, November 1966. 


NASA Technical Note D-4313, Evaluation of a Closed- 
Circuit Television Display with a Helicopter, W. Gracey, 


hove OCmMers oda ber. Tibos, Rebruary ieee 


NASA Technical Note D-3986, Evaluation of a Moving-map 
Instrument Display in Landing Approaches with a Heli- 


copter, W. Gracey, R.W. Sommers and D.F. Tibbs, May 1967. 


NASA Technical Note D-6125, Evaluation of a Moving-graph 
Instrument Display for Landing Approaches with a Heli- 
COpucr ei .f. Vilinam. Jr. , end RaW, sommer, October 1970] 


Seek sober i Gy ala COMbroleo: Airplanes ard 
Helicopters, Academic Press, 1964. 


Mation Aerospace Corporauion, Aircecrart stability Data, 
(unpublished), 17 September 1973. 


Etkin, B., Dynamics of Atmospheric Flight, Wiley, 1972. 


NAVAIR O1-260HCB-1, VWATOMom LLeneedenual Ui—-eC Helicopver:, 
September 1969. 


PucmMomevectowl.t a lmcorporauLon Of the Six Dimensional, 
iemears ZeGmeauatlons Of Motion with a Variable Stability 
Mmiteing stnueatOr. Masters Thesis, Naval Postgraduate 
Semeobewnencerey, California, September 1971. 





Os ’ 





13. 


oweeney, C.J., Conversion of a C-l1B Instrument Flight 
(IwIMewinbora Varlanle ovuabiligy Flaght Simulator, 
Masters Thesis, Naval Postgraduate School, Monterey, 
California, September 1968. 


Loy 





CT ree th BU CON List 


No. Copies 


Defense Documentation Center O 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0212 2 
Naval Postgraduate School 
Monterey, California 93940 


Chairman, Department of Aeronautics O 
Naval Postgraduate School 
Monterey, California 93940 


Professor Donald M. Layton ») 
Department of Aeronautics 

Naval Postgraduate School 

Monterey, California 93940 


hime nopert. &. Collins a 
Kaman Aerospace Corporation 

Old Windsor Road 

Bloomfield, Connecticut 06002 


ftw ovephen Go. Hoxie il 


340 Teresa Way 
Chula Vista, Calatornia 92011 


Tg 5 





rn 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


1. REPORT NUMBER 


4. TITLE (and Subtitte) 


The Implementation of a Fixed Base 
Helicopter Simulation in the Investiga-—" 
tion of an Automatic Scan System 














READ INSTRUCTIONS 
BEFORE COMPLETING FORM 


2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMSER 






5. TYPE OF oe ee & PERIOC COVERED 
Engineer's Thesis; 


March 1974 


6. PERFORMING ORG. REPORT NUMBER 

























7. AUTHOR(a) 8. CONTRACT OR GRANT NUMSER(4) 


Stephen Sanders Hoxie 








10. PROGRAM ELEMENT, PROJECT, TASK 


9. PERFORMING ORGANIZATION NAME ANDO ADDRESS 
AREA & WORK UNIT NUMBERS 


Naval Postgraduate School 
Monterey, California 93940 









“~~ 


tl. CONTROLLING OFFICE NAME AND ADORESS lz. REPORT DATE 
Naval Postgraduate School March 1974 
Monterey, Cea tornado oso4G 13. anes 











1S. SECURITY CLASS. (of thia report) 
UNGi alse tied 





14. MONITORING Pea AME & AO Nea differont from Controlling Office) 
Nava Osteraduate ocnool 


Monterey, California 93940 








DECL ASSIFICATION/ DOWNGRADING 
SCHEDULE 





Sa, 







16. DISTRIBUTION STATEMENT (of thie Report) 


Approved for public release; distribution unlimited. 






17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, lf dilferent from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on rovorse side if necosoary and identify by block number) 


simulation 
instrument flight 
helicopter 





ABSTRACT (Continue on reveree side if neccesary end identify by block number) 
This report discusses the design and development of a six 
Gegree of freedom fixed base simulation of the SH2F helicopter 
OS ise SOL seme Oly eC lebCiel aClig rw ibis Gam@OnmpuLer yerapitcs 
terminal. The purpose of the simulation was to investigate a 
Scheme for alleviating a helicopter pilot's scan workload during 
faeotomulom FO ang from hover during instrument flying conditions. 





20, 









DD 1 4 1473 EDITION OF ! NOV #8 IS OBSOLFTE 


(Page 1) S/N 0102-014- 6401 | 


SECURITY CLASSIFICATION OF THIS PAGE (When Dota Entered) 


106 








CECURITY CLASSIFICATION OF THIS PAGE(Hhen Data Entered) 





DD Form. 1473 (BACK) 
iets’ <2 jo 
S/N 0102-014-6601 SECURITY CLASSIFICATION OF THIS PAGE(Hhon Dete Entered) 


Gr 





thesH8267 
mentation of a fixed base helic 





